The death of a pediatric patient with sepsis motivated New York to mandate statewide sepsis treatment in 2013. The mandate included a 1-hour bundle of blood cultures, broad-spectrum antibiotics, and a 20-mL/kg intravenous fluid bolus. Whether completing the bundle elements within 1 hour improves outcomes is unclear.
I n a consortium of 44 pediatric hospitals, it was estimated that more than 170 000 pediatric patients were hospitalized with sepsis from 2004 to 2012, among whom approximately 8% died prior to discharge. 1 Contemporary clinical practice guidelines recommend prompt sepsis identification, blood culture prior to treatment, and administration of broad-spectrum antibiotics and intravenous fluids. 2 In single-center studies at pediatric specialty hospitals, the combination of these elements in a bundle can reduce time to antibiotics and time to an intravenous fluid bolus. 3, 4 It is unknown, however, whether the timely completion of the bundle improves outcomes such as mortality or hospital length of stay.
Motivated by the death of a pediatric patient with sepsis, 5 New York State mandated in 2013 that all hospitals deliver a care bundle to pediatric patients within 1 hour of sepsis recognition. 6 Using the New York State Department of Health (NYSDOH) database, an analysis was performed to determine the association between completion of a sepsis bundle within 1 hour and risk-adjusted in-hospital mortality for pediatric sepsis and septic shock.
Methods
This study was approved with waiver of informed consent by the institutional review board for the NYSDOH (1156246-1).
Study Design and Setting
In 2013, the NYSDOH required hospitals to submit evidenceinformed protocols and educate clinical staff about early identification and treatment of sepsis (previously termed severe sepsis) or septic shock (New York Codes, Rules, and Regulations 405.2 and 405.4). While protocols varied by hospital, all protocols were required to include a pediatric bundle consisting of the following interventions within 1 hour: blood culture collection before administering antibiotics, administration of broad-spectrum antibiotics, and completion of a 20-mL/kg fluid bolus. Data collection began on April 1, 2014. We performed a retrospective study of all pediatric sepsis cases reported from 59 acute care hospitals in the NYSDOH database from April 1, 2014, to December 31, 2016.
Population
All hospitals were required to report patient-level data for patients with sepsis and septic shock to the NYSDOH using electronic case submission that included demographics, comorbidities, characteristics of sepsis and septic shock, organ dysfunction, and outcomes. Date and time stamps for protocol initiation and completion of individual elements of the 1-hour bundle were required for patients in whom a sepsis protocol was initiated. The state performed 10% random sample audits for all patients using manual medical record review and provided feedback to hospitals on data quality and completeness. Patient-level data were linked to hospital characteristics using the NYSDOH administrative database.
Eligible patients included those younger than 18 years with sepsis or septic shock, using criteria adapted from the American College of Critical Care Medicine 7 and Goldstein et al. 8 We did not study patients in whom the 1-hour bundle was clinically contraindicated, neonates who were never discharged, patients for whom advanced directives limited treatment, patients and/or surrogates who declined interventions, or patients who were enrolled in a concomitant clinical trial. For patients in whom multiple sepsis episodes were present in the database, we studied data from the final encounter to preserve independence of observations. For pediatric patients transferred from a referring to a receiving hospital, only 1-hour bundle data from the receiving hospital were available in the database. Hospitals used a variety of methods to identify pediatric sepsis (eMethods in the Supplement). These included (1) sepsis based on clinical assessment only (suspected or confirmed infection and ≥2 age-appropriate systemic inflammatory response syndrome criteria [eg, temperature, heart rate, respiratory rate, white blood cell count 8 ], with supporting laboratories optional), (2) sepsis by both clinical criteria and abnormal laboratories, or (3) "code sepsis or rapid response" led to sepsis by clinical criteria. The regulations permitted hospitals to have flexibility in case identification to facilitate broader adoption. Most patients submitted to the NYSDOH database (>98%) were confirmed to have severe sepsis or septic shock on manual audit. 9 Cases found to be erroneously entered could be removed by hospitals.
Variables
The primary outcome was all-cause in-hospital mortality. The primary exposure was completion of all 3 elements of the 1-hour bundle (ie, blood culture(s) collected prior to antibiotic administration, broad-spectrum antibiotics administered, and completion of at least one 20-mL/kg fluid bolus) within 1 hour of protocol initiation, as reported by hospital and clinical staff. Blood culture was recorded as time collected, antibiotic administration was recorded as time of starting administration, and intravenous fluid bolus was recorded as time of completion of 20-mL/kg crystalloid fluid administration. The NYSDOH defined "broad spectrum" according to the local hospital protocol due to variable antimicrobial resistance patterns. If elements of the 1-hour bundle occurred prior to protocol initiation, the bundle was considered completed within the first hour. We measured covariates for a risk-adjustment model to account for confounding by indication, 10 primarily that sicker children would receive the bundle more promptly. These included variables specified a priori based on clinical experience and prior pediatric studies, such as patient age; payer; comorbidity burden; location of protocol initiation (eg, emergency department, intensive care unit [ICU], or inpatient unit), site of infection (eg, respiratory, urinary, or skin); and measures of organ dysfunction including presence of shock, platelet count, or mechanical ventilation prior to protocol initiation. 11-13 Race and ethnicity were included because they may be important confounders in the association between sepsis care and outcome. 14 The determination of race and ethnic group was made by hospital staff at reporting hospitals with fixed categories from the NYSDOH Statewide Planning and Research Cooperative System data set. 15 Using these covariates, a multivariable logistic regression for in-hospital mortality had adequate calibration (eFigure 1 in the Supplement; Hosmer-Lemeshow goodness-of-fit test for 10 groups, P = .50) and discrimination (area under the receiver operating characteristic curve, 0.83) in internal validation. Hospital-level data were also collected to illustrate how the 1-hour bundle was completed at hospitals of different capabilities. We identified hospitals with a pediatric ICU (PICU) using data available in the NYSDOH hospital database. 16 We further specified that if a hospital provided cardiac surgery or cardiac catheterization services that the ICU met criteria for a level I pediatric ICU.
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Statistical Analysis
We performed bivariate analyses of characteristics of patients who did and did not complete the 1-hour bundle within 1 hour. Continuous data are expressed as mean (SD) or median (interquartile range), depending on normality. Categorical variables are shown as proportions. Differences in predicted risk (risk difference [RD] ) between groups are shown with 95% CIs. Multivariable modeling of the association between completion of the 1-hour bundle within 1 hour and in-hospital mortality was performed using logistic regression adjusted for covariates with robust standard errors and mixed effects to account for nonindependence of cases across hospitals. Binary variables were modeled as indicator covariates and continuous variables included as linear covariates, after assessing for nonlinear relationships using fractional polynomials. 18 Each exposure (ie, completion of the entire 1-hour bundle and each individual bundle element) was evaluated separately. No missing data were present for model covariates.
To predict the risk of in-hospital death across a range of times to completing the 1-hour bundle, we restricted the cohort to cases in whom the entire bundle was completed within 4 hours from protocol initiation (n = 529 [44.9%]). We then used predictive margins adjusted for covariates to predict the risk by hour. Similar models, including nonlinear models when appropriate, were used to illustrate predicted risks of death by hour for completing each individual bundle element.
We performed risk and reliability adjustment using empirical Bayes methods to determine the hospital-level rate of completing the 1-hour bundle, collecting blood cultures, administering antibiotics, and completing the initial intravenous fluid bolus within 1 hour. 19 We display the ranked order of adjusted rates across hospitals in caterpillar plots.
Sensitivity Analyses
We assessed the robustness of findings in multiple sensitivity analyses. First, we performed a matched propensity score analysis to adjust for covariate imbalance between groups (eTable 1, eFigure 2, and eMethods in the Supplement). Second, we performed an inverse probability weighted least squares regression to calculate the average treatment effect for completing the 1-hour bundle within 1 hour (eMethods in the Supplement). Third, we repeated our models, accounting for discharge bias by classifying patients discharged to hospice care as in-hospital deaths. Fourth, because transferred patients may be of greater illness severity and have complex timing of bundle elements, 11 we repeated models after excluding transferred patients. Fifth, we included additional confounders in the risk adjustment model: (1) an indicator variable for prior admission for sepsis because readmissions may be strongly associated with mortality 20 and (2) forcing all comorbidities and acute organ dysfunctions measured by the NYSDOH in the model. Sixth, we repeated models after excluding patients who never completed all elements of the 1-hour bundle. Seventh, we repeated the analysis with a 2-element bundle that excluded the intravenous fluid bolus. In supporting analyses, we assessed for effect modification with a likelihood ratio test for interaction between treatment and characteristic in prespecified subpopulations, including patient location when the sepsis protocol was initiated, age strata, 21 presence of septic shock, or admission to a hospital with pediatric intensive care. Hospital length of stay was studied as a secondary outcome, using Poisson regression models that generated the incidence rate ratios for in-hospital death among patients who did and did not complete the bundle in 1 hour. In addition, linear regression models with logarithmic transformation that generated a ratio of geometric means were used to evaluate hospital length of stay. One model was used for all patients, and a second model was used for survivors and decedents. Further, we performed quantitative bias analysis 22 to assess the magnitude of a hypothetical, unmeasured confounder that would be necessary to account for the association between completing the 1-hour bundle within 1 hour and risk-adjusted in-hospital mortality.
All analyses were performed with Stata version 14.2 (StataCorp) with a significance threshold of less than .05 in 2-sided tests.
Results
Patient Population and Completion of the 1-Hour Bundle
Of 1669 patient visits at 59 hospitals, we excluded 297 (17.8%) who did not have a sepsis protocol initiated, 55 (3.3%) in whom the sepsis bundle was clinically contraindicated, and 138 (8.3%) who were ineligible due to duplicate visits or other reasons (Figure 1) . Of the remaining 1179 eligible patients at 54 hospitals, 294 patients (24.9%) completed the 1-hour bundle within 1 hour of protocol initiation. Blood cultures were obtained within 1 hour for 740 patients (62.8%) and antibiotics were administered within 1 hour for 798 patients (67.7%) while the fluid bolus was completed within 1 hour for 548 patients (46.5%). The 1-hour bundle was completed within 1 hour more often among patients in the emergency department (69.4% vs 53.2%; P < .001) and previously healthy patients (54.8% vs 41.1%; P = .01), and less often among patients who had been transferred from another facility (13.6% vs 20.9%; P = .006). Median serum lactate level (2.2 mmol/L vs 2.1 mmol/L; P = .09) and the proportion with septic shock (70.4% vs 68.3%; P =. 4 9 ; Table 1 ) were similar between groups. The crude mortality rate was greater among patients who did not complete the 1-hour bundle within 1 hour compared with those who did (13.2% vs 7.5%; P = .008).
Primary Analyses
In a multivariable model, the completion of the 1-hour bundle within 1 hour was associated with lower in-hospital mortality (odds ratio [OR] , 0.59 [95% CI, 0.38-0.93], P = .02; RD, 4.0% [95% CI, 0.9%-7.0%], Figure 2 ;e T a b l e2i nt h e Supplement). Coefficients of the model covariates are presented in eTable 3 in the Supplement. This association was not modified by age strata, location, presence of shock, or care at a hospital with pediatric intensive care (P > .05; eTable 2 in the Supplement). Patients who had the 1-hour bundle completed in up to 3 hours remained at lower odds of in-hospital death compared with those who completed the bundle after 3 hours (OR, 0.64 [95% CI, 0.42-0.96], P = .03; RD, 3.6% [95% CI, 0.6%-6.7%]). Figure 3 shows the crude and predicted risks of in-hospital mortality across a range of 4 hours for completing the 1-hour bundle. The mean predicted in-hospital mortality increased by 2 percentage points for each hour until the 1-hour bundle was completed. Results for individual bundle element completion within 4 hours are presented in eFigure 3 in the Supplement.
The association between individual bundle elements and outcome did not reach statistical significance. The administration of antibiotics within 1 hour was not significantly associated with lower in-hospital mortality (OR, 0. 
Sensitivity and Supporting Analyses
In the propensity matched cohort (n = 572), completion of the 1-hour bundle within 1 hour was associated with lower in-hospital mortality (OR, 0.53 [95% CI, 0.30-0.94]; P = .03; eTable 4 in the Supplement). The inverse probability weighted least squares regression estimated the reduction in mortality associated with bundle completion within 1 hour as 4.2% (95% CI, 0.6%-7.6%; P = .02; eTable 4 in the Supplement). When hospice discharges were reclassified as in-hospital deaths, timely bundle completion was associated with lower in-hospital mortality (OR, 0.56 [95% CI, 0.36-0.86], P = .008; RD, 4.6% [95% CI, 1.6%-7.6%]; eTable 2 in the Supplement). In the model that excluded transferred patients (n = 954), the completion of the 1-hour bundle was significantly associated with lower mortality (OR, 0.52 [95% CI, 0.27-0.99], P = .05; RD, 4.3% [95% CI, 1.0%-7.7%]).
We ran 2 models that included additional confounders: To assess the sensitivity of models to unmeasured confounding, quantitative bias analysis was performed (eFigure 4intheSupplement). Across a range of scenarios, results would be robust unless a new confounder was at least 4 times as prevalent among those who did not complete the 1-hour bundle within 1 hour compared with those who did, and unless the unmeasured confounder itself was strongly associated with lower in-hospital death (OR < 0.5).
Across hospitals, the risk and reliability-adjusted rates of completing the 1-hour bundle within 1 hour ranged from 7.3% to 46.1% (median, 32.8%; interquartile range, 22.4%-37.5%; Figure 4 ). After ranking hospitals from the lowest to greatest likelihood of completing the 1-hour bundle, the hospitals in the highest quartile were 2.5 times as likely to complete the 1-hour bundle within 1 hour as hospitals in the lowest quartile (37.5% vs 15.0%). Hospitals with a higher rate of completing the 1-hour bundle cared for a greater number of pediatric patients (n = 686; P = .006; Table 2 ), and contained a greater proportion of PICUs with specialty care such as cardiac surgery (20.4%; P = .24). We observed similar variation for each individual bundle element (eFigure 5 in the Supplement).
Discussion
During a statewide mandate for pediatric sepsis care, the prompt completion of a 1-hour bundle was associated with Embedded table reports the total number of patients, total number of absolute deaths (%), predicted risk from adjusted models and risk difference (95% CI), and odds ratios (95% CI) comparing patients who did and did not complete the 1 hour bundle within 1 hour. Variables in the risk-adjusted model include age category, payer, protocol initiation site, diagnosis of septic shock, site of infection, platelet count <150 000/μL at protocol initiation, chronic renal disease or liver failure, diabetes, acute respiratory failure requiring mechanical ventilation at protocol initiation, serum lactate, and transfer status. improved survival for pediatric patients with sepsis or septic shock. The completion of the 1-hour bundle within 1 hour was associated with lower in-hospital mortality and shorter hospital length of stay. However, individual bundle elements were not significantly associated with decreased mortality, and hospitals were widely variable in completing the bundle for comparable patients. These findings corroborate single-center studies showing an association between bundled pediatric sepsis care and improved outcomes. In the emergency department, greater adherence to a pediatric sepsis protocol was associated with greater odds of less organ dysfunction after 48 hours 23 and a shorter hospital length of stay. 4 This analysis extends these findings to report an association between completing a sepsis bundle within 1 hour and lower mortality in a larger cohort of pediatric patients treated in multiple locations, including the emergency department, the ICU, and in-patient care areas across 54 community and pediatric specialized hospitals. The findings also support the current recommendations from the American College of Critical Care Medicine 24 for bundled care in the treatment of pediatric sepsis. There are many possible explanations for the association between completing a 1-hour pediatric bundle and improved outcomes. First, the individual bundle elements may each contribute to specific biologic or physiologic changes that, when combined, affect outcomes. These may include shock reversal with fluid administration, reduced pathogen load and inflammatory response from prompt antibiotics, and more accurate diagnostic information from early blood cultures. Second, it is also possible that the completion of the 1-hour bundle represents important unmeasured processes of care in a time critical situation. The completion of the bundle may be a surrogate for heightened awareness by the clinical team, differential ordering of laboratory tests such as serum lactate, and greater attentiveness to treatment response. Third, a delay in completing the bundle may be due to unmeasured, competing events in sicker patients, such as tracheal intubation, administration of blood products, or difficult intravenous access, particularly in the ICU. Crude in-hospital mortality (bars) and the predicted risks of in-hospital death with 95% CIs (orange line with error bars). Predicted risks derive from model adjusted for age category, payer, protocol initiation site, diagnosis of septic shock, site of infection, platelet count <150 000/μL at protocol initiation, chronic renal failure or renal disease, diabetes, acute respiratory failure requiring mechanical ventilation, serum lactate, and transfer status across 4 hours after protocol initiation for the completion of the 1-hour bundle of sepsis care. As an interpretive example, for a typical pediatric patient with sepsis with average age and level of acuity in New York State, the completion of the 1-hour sepsis bundle within 1 hour was associated with an 8% risk of in-hospital death. In contrast, the same patient who completes the bundle at 4 hours will have a 13% predicted risk of in-hospital death. The 54 hospitals that were included in the study were ranked from lowest to highest, with higher numbers (x-axis) indicating a greater likelihood of completing the 1-hour bundle within 1 hour. Bars represents 95% CIs. Orange circles correspond to hospitals with both pediatric intensive care and cardiac surgery services. Risk and reliability adjustment accounts for both patient-level risk factors that may influence outcome and statistical variation attributed to small sample sizes at the level of the hospital. These adjustments allow for accurate comparisons between hospitals of different patient volume and case mix.
Research Original Investigation
Fourth, it is possible the study may be underpowered to detect a significant difference between completing each individual bundle element within 1 hour or not. Across quartiles of hospitals, there was up to a 2-to 3-fold variation in completing the 1-hour pediatric bundle. This amount of variation is similar, if not greater, than the implementation of other pediatric quality improvement measures for the acutely ill. 25 Barriers to pediatric bundle completion within 1 hour may vary between units and include difficult intravenous access, clinician inexperience with pediatric care, or lack of appropriately sized equipment at primarily adult hospitals. The finding that greater rates of completing the 1-hour bundle at hospitals with more case volume and pediatric specialty services is hypothesis generating and not linear. Further qualitative study is warranted into variations in the systems of pediatric care such as electronic health record prompts for case recognition or pharmacy integration at hospitals of different sizes. These pediatric data complement similar findings reported for adult patients with sepsis in the emergency department from the NYSDOH mandate. 9 Both studies found that prompt completion of the sepsis bundle was associated with improved outcomes compared with completing the bundle after a delay. But there are important differences. First, only 25% of pediatric patients completed the 1-hour sepsis bundle within the 1-hour mandate compared with 82.5% of adults who completed the 3-hour bundle within the 3-hour adult mandate. Second, the individual elements of the pediatric bundle were not statistically significant, while individual steps in the adult bundle appeared significantly associated with outcome. The pediatric cohort, smaller than the adult cohort, may have been underpowered to detect a significant association between individual bundle element completion within 1 hour and inhospital mortality. Third, the 3-hour adult bundle was more likely to be completed at smaller, rural hospitals, whereas the 1-hour pediatric bundle was more promptly completed at larger hospitals with greater pediatric case volume. The characteristics that may account for a typical, rural hospital performing differently for an adult bundle vs a pediatric bundle deserves dedicated study.
Limitations
This study has several limitations. First, this was a retrospective study, and results may be biased by measured and unmeasured confounding at the patient and hospital levels. The matched propensity score analysis and inverse probability weighted regression provide alternative methods to handle measured confounders and support the primary model. Quantitative bias analysis suggests that although plausible, unmeasured confounders that are common and strong enough to abrogate the primary model findings are unlikely. Further study with instrumental variables, if available, are indicated. Second, per the NYSDOH reporting guidelines, the performance of the 1-hour bundle was measured at the receiving hospital for patients cared for at multiple locations and may omit care administered at the referring hospital. Exclusion of these patients did not change the results. Third, the moment the clinical team suspected sepsis and initiated the protocol may also be subject to misclassification, a limitation that could be addressed using electronic health record data in the future. 26 Fourth, the study sample did not include neonates who were never discharged and cases not reported to the NYSDOH. Fifth, although the risk adjustment model performed well, a validated pediatric severity illness score or confounders, such as acute kidney injury, presence of central catheter, appropriateness of antimicrobials, or the variability across hospitals in sepsis case identification in children were not measured. Sixth, all hospitals were mandated to include the 3 primary sepsis elements in the bundle, and data on protocol modifications and additions were not available. Given these limitations, the true effect size of timely bundle completion may be smaller than measured in this study and could be further evaluated in designs that incorporate data from before and after the implementation of the mandate.
Conclusions
In New York State following a mandate for sepsis care, completion of a sepsis bundle within 1 hour compared with not completing the 1-hour sepsis bundle within 1 hour was associated with lower risk-adjusted in-hospital mortality among patients with pediatric sepsis and septic shock. . In the case report form, three categories were used to categorize how cases were identified at each facility.
Positive sepsis screening from clinical assessment
 This category indicates that the facility used some form of screening of ED patients or inpatients, and the result was positive for sepsis/severe sepsis/septic shock  For many facilities, the sepsis screen tool will utilize an assessment for at least 2 of the 4 SIRS criteria (temp, heart rate, respiratory rate, WBC's) and a suspected/confirmed infection  This screening process can also incorporate clinical assessments for blood pressure/hypotension, altered mental status, etc. 
B. Statistical methods for the development of the propensity score matching analysis
We generated a propensity score (logit) using logistic regression and then matched 286 patients out of a possible 294 on a 1:1 basis for those that completed the one-hour bundle within one hour compared to those 286 patients that did not complete the one-hour bundle within one hour based on a random seed, nearest neighbor, without replacement, and a caliper of 0.10 (approximately 10% of the standard deviation of the logits) 3 .
The starting model included all available patient demographics and clinical comorbidities to maximize patient similarity across one-hour bundle completion status. Variables were removed from the model if their inclusion decreased the number of matched cases by more than 10. Variables were removed from the model if their standard errors were greater than 0.1 to ensure that the model was not over-fit. Additionally, variance inflation factors (VIF) were generated to confirm that there was no collinearity among the independent variables. If the VIF of an independent variable was greater than 10, this variable was removed from the model. Model calibration and discrimination were not calculated because the goal was to match the patients as closely as possible across bundle completion status instead of predicting bundle completion. An in-hospital mortality odds ratio was generated across bundle completion status using an unadjusted logistic regression model restricted to the 286 propensity score matched subjects (total N = 572). Propensity score generation and matching were run using Stata 14.2 (Stata Corporation, College Station, Texas).
C. Statistical methods for the development of the inverse probability weighted riskadjusted regression analysis
The average treatment effect (ATE) for in-hospital mortality across 1-hour bundle completion status was generated using inverse probability weighted risk adjusted regression 4 . This statistical method simultaneously fits two regression models -one for the prediction of the outcome of inhospital mortality and one for the prediction of the risk factor (one-hour bundle status). Since both the outcome and risk factor are binary, logistic regression was used in both models. Additionally, an independent variable could be in both regression models or in only one of the models.
The starting basis for the in-hospital mortality logistic regression model was the same model used in the primary analysis of the manuscript. The starting model for one-hour bundle completion included all available patient demographics and clinical comorbidities in order to minimize confounding by indication. Variables were removed from the starting analysis if their inclusion precluded model convergence since inverse probability models have a tendency to be unstable.
Each variable was then checked to determine the percent change in the ATE odds ratio, in light of the other independents variables in the model, when it was included compared to when it was not included in the model. If the ATE odds ratio changed by more than 15% in either direction the variable was removed from the model since its inclusion caused the inverse probability weighting to become excessively large for some of the subjects.
In other words, the probability generated for each subject in the analysis is that of being in the group that completed the 1-hour bundle within one hour. Therefore, if a subject has a very small probability but is in the group that completed the bundle or has a very large probability but is in the group that did not complete the bundle, then the inverse probability weighting is very large and can have an overdue influence on the ATE odds ratio. All analyses were run using Stata 14.2 (Stata Corporation, College Station, Texas). No deaths occurred among patients completing the blood cultures between hours 3 to 4, and thus bars for crude in-hospital mortality are omitted. Predicted risks derive from model adjusted for age category, payer, protocol initiation site, diagnosis of septic shock, site of infection, platelet count < 150,000/mm 3 at protocol initiation, chronic renal disease or liver failure, diabetes, acute respiratory failure requiring mechanical ventilation, serum lactate, and transfer status across four hours after protocol initiation for the completion of the one-hour bundle of sepsis care. The plot has two important features, i.) the univariate odds ratios of confounder with in-hospital mortality over a plausible range -this corresponds to the strength of the unmeasured confounder "on its own.", ranging from OR=1.0 or weak confounder with no effect to a strong confounder with OR=0.5, ii.) the prevalence of the hypothetical confounder among patients who did not complete the bundle in two scenarios, when it is 8 times as common as in the exposed group (black curve) and when it is 4 times as common (red curve). The y axis is the odds ratio of inhospital mortality from our primary model for completing the one-hour bundle if the hypothetical confounder was included on the log scale. This is the primary simulation read-out, and corresponds to how the primary model would change if the confounder was "added in." The (+) symbol corresponds to scenarios when the primary model is no longer significant, as the upper limit of the 95% confidence interval has crossed 1.0 (on the vertical axis).
The model had the following base assumptions:
 Prevalence of unmeasured confounder among exposed (completing one-hour bundle within one hour) is 5%.  No modification of the effect of time to completing the one-hour bundle by the unmeasured confounder  Unmeasured confounder uncorrelated with other variables in the model Interpretive example: To find scenarios where the odds ratio for completing the one-hour bundle within one hour from our primary model was no longer significant, the hypothetical unmeasured confounder must be four times as common among unexposed (0.20) vs. exposed patients (0.05), and have an odds ratio for in-hospital mortality that exceeds 0.5. Much stronger, if not implausible, confounders are required if the prevalence among the unexposed is lower. 
